General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available a: 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or picture 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of soi 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced bv the NASA Center for Aerospace Information (CASH 



A REPORT OF A LANDSAT AND 



COMPUTER MAPPING PROJECT 


A Regional 
Land Use Survey 

based on remote sensing 
and other data 


Douglas L. Mutter 
Project Coordinator 


George Nez 

Principal Investigator 


Federation of Rocky Mountain States 
2480 West 26th Avenue - Suite 300- B 
Denver, Colorado 80211 


Executive Summary 


Prepared for 


GODDARD SPACE FLIGHT CENTER 
Grecnbclt, Maryland 20771 




PREFACE 


This report describes a multi-state project developed .ml coordinated 
by the Federation of Rocky Mountain States. The project developed and 
tested methods for cod ining earth resources satellite (LANDSAT) data 
with other multl-souice data via computer mapping techniques for use in 
natural resources and land use planning In the Uestern States. 

The project was carried out by mutually defined procedures in six states — 
Montana, Wyoming, Colorado, New Mexico, Utah, and Arizona. Colorado State 
University and Los Alamos Scientific Laboratory provided technical assistance. 

Two Interstate areas of 5,000 square miles each and too intrastate arear of 
3,000 square each were delineated for all subsequent LANUSAT and high altitude 
remote sensing during the project. Four 7.5-minute quadrangles were selected 
wl thing these large areas as test sites. LANDSAT computer-compatible tape 
classification mapping for 1.1 acre cells was conducted with multiple date 
imagery. Land use and cover categories were selected by the states, ranging 
from 19 categories in one state to 81 in another. 

In order to place the LANUSAT application within the context of a regional 
data bank, various non-LANUSAT maps were collected on complementary topics. 

These were all converted into the 1.1 acre grid system and computer composited 
with the LANUSAT maps for deriving and displaying the complex patterns in- 
volved in determining feasibility for surface mining or urban development, etc. 

A key purpose was to demonstrate the appropriate mix of Al.NUSAT utilization, 
data banking and compositing relevant to regional planning. 

The approach was designed for large areas of interspersed federal, state, 
and private lands, with dynamic interrelationships in mineral, water, agri- 
cultural and recreational land uses. This approach raised numerous administra- 
tive questions, such as standardization of the ground truth data analysis, 
standardization of land use ca tegor ies/subca tegor ies , and systematic central 
processing of LANUSAT tapes. 

For this project, state governments designated state lead agencies to 
coordinate work among other state agencies. Through the lead agencies, state 
participation and understanding of LANDSAT use and regional data banking 
progressed toward more centralized operations in most participating states. 

Although this was a relatively brief and modest project In this large and 
dynamic region, it developed several innovative procedures wothy of continu- 
ation: (1) a new LANUSAT Mapping System (LMS) for LANUSAT digital Interpre- 

tations; (2) use of cellular mapping and compositing for combining the LANDSAT 
maps with other forms of data; (3) training new groups in each state; (4) 
defining the need for a ground truth manual; and (5) the need for fixed, repeti- 
tive ground truth sites for continual LANDSAT use. 

This project marks the beginning of state. Interstate, and federal collabora 
tion in these techniques which should now be converted into more extensive opera- 
tional systems to meet the characteristic problems of energy, agriculture, 
settlement, and water utilization in the West. 
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This final report describes the activities undertaken and results 
of a regional land use surve> project in the Rocky Mountain states. 
The report is in three volumes: (1) an Executive Summary, (2) the 

Final Report, and (3) Appendices. The project mapped land use cover 
classifications from LANDSAT computer compatible tape data and com- 
bined those results with other muitisource data vta computer 
mapping co-nos i t ing techniques toanalyze various land-use planning 
natural resource management problems. Data was analyzed oti 
1:24,000 scale maps at l.l acre resolution. New IANDSAT analysis 
software and linkage-, with other computer mapping software were 
developed. Significant results were also achieved in training, 
common i cat ion , and ident i f icat ion of needs tor developing the LAM'- 
SAT/co -puter mapping technologies into operational tools tor use by 
decision-makers. I.ANPSAT processing was conducted by F.ugene Maxwell 
Colorado State University; most mult laouet eomputer mapping was 
handled by Richard Voge, Los Alamos Scientific Laboratory; project 
advisory ce-maittee was chaired by A. Keith Turnei , Colorado School 
ol Mines. ___ _ ___ 
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1.0 INTRODUCTION 

1 . 1 Scope 

Tills Is the Final Rcpor t of .1 project to demonstrate the utility 
ot satellite remote-sensed data 1 n combination with other mult Isource 
data as an aid to natural resources and land use planning decision- 
making. 

This was a genuinely cooperat ive regional project involving the 
six Rocky Mountain states 01 Arizona, Colorado, Montana, New Mexico, 
Utah, and Wyoming. Colorado State University (CSU) and l.os Alamos 
Scientific l.ahorator lee (LAST) provided technical assistance, while 
the Federation* and its Forth Resources Technology Applications Com- 
mittee ot Its Natural Resources Council coordinated all participants. 

This effort combined LANDSAT digital data with other types of data 
from a variety of sources via a computer composite mapping process 
(see Figure 1.1). The process and results are designed to demonstrate 
the utility and potentials 0 ! such multisource analyses for use in 
solving land use and other geographic-related planning and decision- 
making problems. 

1.2 Background 

This project is closely related to and logically follows past 
Federation projects that develop and demonstrate the use of computers 
tor multisource mapping and geographic analyses.’ The U.S. Economic 
Development Administration (EDA) lias sponsored continuing Federation 
efforts in tills area. 


* Tlu 1 Federation ot Rocky Mountain States; also, FRMS. 

-See Section 7.0 — References/Bihl iographv of the Final Report for a 
complete listing ot FRMS reports on these subjects. 
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Tlu' nesd for this typo of AutoRittd data analysis (and stcrage) 
system Is mounting, especially In tho West. Many now and pressing 
demands aro bolng raado on tho region's rosouroos and way of ilfo. De- 
cisionmakers from all level* of government and tho private sector aro 
faced with increasingly complex problems concerning land use, resource 
management, environmental quality, and socioeconomic development . 

Issues of energy development, urban planning, air quality, agri- 
culture production, water allocation, and so on, are compounded be- 
cause of interjurlsdlctlonal authority, mixed land ownership patterns, 
seasonal fluctuations, and other common situations. Attention to 
these Issues on the part of the states, the private sector and the 
many multistate and intrastate organi zat ions within the large Western 
area, has created an enormous amouu. ot data and information that 
can be used to make decisions — at both the policy and program levels. 
Therefore, a system that can analyse this variety of multisource data 
and show the implications of various decisions is highly desirable. 

NASA's' l AND SAT earth resources satellite is a new, powerful source 
of information that can contribute substantially to more informed deci- 
sion-making. The IANPSAT is continually circling the earth, returning 
to the same point every 18 days. It is producing mult lspectr.il data 
that can provide a user with Information at low cost for large areas. 
This Information can be In the areas of geology, land cover, land use, 
water quality, crop conditions, etc. 

This project demonstrated the repeatable LANDSAT survey procedures, 
together with composite mapping of all other types of data "Invisible" 
to LANDSAT but needed for resource planning. It placed remote sensing 
and particularly LANDSAT digital data into its appropriate role in the 
overall process of producing complex surveys of agriculture, strip 
mining, urban development and water management, where numerous forms of 
evidence, in addition to LANDSAT data, are needed on land ownership 
and leasing, industrial activity, subsurface resources, etc. 

1.3 Objectives 

The project was aimed at several long-term objectives of the Fed- 
eration of Rocky Mount, in States: (a) Improved land and water use 

studies through systematic surveys, automated data banking and analysis; 
and (b) the transfer of technologies between levels of government; 
and (c) especially to Improve the states' capacity to make better 
decisions. 

Specific objectives were to: 

• encourage Interstate cooperation In the use of earth 
resources satellite technology for solving land use 
planning problems; 


'National Aeronautics and Space Administration. 


work toward t lie dev* lopmont of compatible Inter-apeney , 
interstate information system procedures; 


tost and adopt a common land uso classlt icatlon; 


ovaluato tho efficiency and applicability oi using 
satellite data In combination with otlv*; data in a land 
use information system; and 


provide an Inst l tut lona 1 mechanism for tno exchange of 
information about remote sensing and geo- informat ion 
systems. 
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.0 S MMAitt CON« 1.1'SIONS AND RKl’l'MM! M'A 1U NS 


2.1 Regional D.it.i Au.ilvsi s MetfJ ii 

• Additional investments are required to continue the design 
and development of insti tut tonal mechanisms for increasing 
earth resources technology utilization. 

• Regional data banking and analytic services should Include 
a variety of multisource data and formats, should be flex- 
ible so that many users can be served, and should have the 
capacity to rapidly cover large areas. 

• A regional earth resources technology applications center 
should be established in the West to provide for user aware- 
ness and education, information exchange and networking, 
technical assistance and capacity building, and mobilization 
of resources within the region. 

J . 2 For v'i nt ra llred St ite Serv 1 ci 

• Additional information, training, and assistance should be 
provided to state agencies consistent with their present 
capabilities and needs for multisource data analysis. 

• A system that upgrades LANDSAT products and combines their 
use with other multisource data should be developed to en- 
courage state efforts in central data use and management. 

• The system should standardize procedures for using LANDSAT 
which will result in improved accuracy and lower cost. 


2.3 For Operational Use of 1 .A ND S AT : 

• Improved management product* Much as computer-enhanced 
ltn.ip.orv and composites of LANDSAT with base maps or other 
data will provide users with more acceptable results. 

• A standard train! > site procedures manual for LANDSAT 
u».rn non-technlcal personnel would help by streamlining 
ground truth and verification procedures. 

• A series of standard, permanent training sites in each 
state, and designation of a lead state monitoring agency, 
would help to take LANDSAT use out of the research project 
stage and Into the operational stage by supplying irmicdlatc, 
accurate and detailed ground-truth data to all users. 

2.4 The LANDSA T Mapping Syst em (LMS): 

• Optimum use of LANDSAT through automated digital analysis 
procedures requires that users understand and supply ade- 
quate Information for class selection, training data sel- 
ection, and signature development. 

• Documentation of the LMS system and its use are required 
for efficient, continued use of the system. 


3.0 ST UDY AREAS 

Figure 3.1 outlines the largo study areas selected to represent 
characteristic natural resources and economic activity zones in the 
Kockv Mountain region. 

The Mon t an a- Wyoming area contains some of the vast Powder River 
coal deposits. Energy developments will significantly affect the 
prevailing grazing and farming land uses. This area, part of the 
Croat Plains physiographic region, is mostly rolling grass and brush 
prairies wlfh scattered, wooded uplands. 

The Utah area was selected because it is a rapidly urbanizing 
corridor along the Wasatch mountain range. A major issue is the 
transition of agricultural and grazing lands to urban and industrial 
uses. There Is commercial timber in the Wasatch range and large wet- 
lands along the Great Salt Lake. The capital city. Salt Lake City, 
is in the study area. 

The Co lor ado- New Mexico area is characteristic of southern Rocky 
Mountain physiography. It covers part of the KIo Grande river valley. 
Crazing, Irrigated agriculture and forestry are Important land uses. 
Second home developments are increasing in the study area. Santa Fe, 
New Mexico's capital city, and a number of other small population cen- 
ters lie in the study area. 

The Arizona study area covers the ’hoonix metropolitan area, where 
widely spreading urbanization is moving into areas of irrigated agri- 
culture and desert. Located in the Basin and Range physiographic 
region, the area has a hot desert climate. 

Within these large study areas, each state selected four smaller 
test sites. These served as foci of the detailed data collection aad 
analysis. 
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4. 1 Organizational Approach 

The organizational structure shown in Figure 4.1 was devolved 
and used for this extensive regional application. Project partici- 
pants ” • ' advised by the Federation's Earth Resources Technology 
Appli u. a Committee (see Figure 4.2). That group met three times 
ale-_ with several regional resource-using enterprises and agency 
staff members from the U.S. Geological Survey, Bureau of Land Manage- 
ment, Bureau of Reclamation, 'nd U.S. Fish and Wildlife. 

A key feature in this project was the State Lead Agency, desig- 
nated by state governors' offices to coordinate other interested 
agencies in eacn state, perform training site work and LANDSAT veri- 
fication, formulate the composite mapping projects, gather all auxil- 
iary data, evaluate the outputs, prepare and circulate project re- 
ports, and provide liaison and training for concerned state agencies. 
These lead agencies designated their representatives to perform 
managerial and technical work. 

Colorado State University was selected by the Earth Resources 
Technology Applications Committee to process the LANDSAT data because 
CSU's departments of Earth Resources and Civil Engineering have 
substantial skills, experience, and equipment for this project. 

Los Alamos Scientific Laboratories volunteered to consult on 
various technical aspects and to perform computerized composite map- 
ping, using LASL's substantial machine capacity, consistent with LASL's 
policy to pursue practical applications of the use of technology to 
monitor regional energy resources. 
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rang 1 os ho loo tod In each stato. 
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tost quadrangle in oaoh state according to a characteristic 
resource management problem existing l: 1 tho irea, 

• Corresponding types ot multi source data (maps) woro selected 
and converted Into 1.1 aero grid colls, with various weights 
assigned lot relative importance. LANDSAT collulat maps were 
edited tot selection ot certain features to ho used in the 
compos 1 1 os. 


1 » 



1 \\P UM COVFK Cl VERIFICATION 


level l 

level ll 

Urban land 

Resident ial 

Co viv ial l inlus t rial 

Forest land 

Pectduous Forest 
Coniferous Forest 

Rangeland 

Shrub land 
Pesert Shrublam 
liv. ’.at ed Crass l and 
Non t i i ...lied C*i a>- .1 and 

V r \ ai 1 f lit a l l and 

Orchards & Vineyards 
Irrigated Cropland 

Water 

Water 

Wet lands 

ha i renlaiul 

Ha "el a mis 
Other Bare Rock 

line lass i t iod 

llm lass i t ied 


* • 


l AM'S A V data ana tv in. 
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t. Multi source eemputet amp eotnpnn it tug. 
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(tlMAPSl, .tevetepnt Item t lie Composite Mapping S\stem 
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• IVe ntaten I t ah an. I Mont ana pet t et mod then ev n com 
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• Individual reports were developed tv each et the -it', states, 
CSC, and l VSl iseo append lees) . 

• This final report will te distributed wi.telv te te. lint, tans 
and policymakers alike. 


•*.t rile Mill t t source Approach 

One et the project objectives, et course, wan to use l.VNl'SAT data 
in conjunction with data Mom other source* to demount t at e procedures 
and app l icat tens. 



The decision to use t ho finest t i *1 sire ol 1.1 acre toll.** followed 
tlu* Initiative ot Colorado Stale University In programming a new 1ANUSAT 
lUpplnn System tot tlu* |»%* i p*» t*»* ol oft tc lout output of pixel level mop* 

(see the CSU report, Appendix A). This cell else W.IN t (net than nee--.-* 
arv tot most of tin* othei inlevaut data to Si ueed lit composlt tug, vet 
pet ml 1 1 ed tin* preeeivation In tho data hank ot lull details tot otltot 
purposes. rho 1.1 aero crllulnt format provides tin* most dlscret • re 
solution lot l.ANDSA l mapping, and ot fet s a convenient line prtntot output 
scale ot 1:24,000 which corresponds with th# 7 1/2 minute quadrangle map 
series ol ISOS and, tluMcUot 1 , enables use of over lava. A veiv slgnlZt 
caul eonuttl 1 1 uvnt was that of using multidate (soasonal) imagery to demon 
st rate t lie ettlciencv **t the new IMS sottwaie and provide as complete a 
aei tes ot laud covet signalmen as possible. This began with a seaich 
toi good lANl'SAT coverage during three ot t nut seasons ot one year, and 
the resulting adopt ion ot an opt t mum sequence dut tug l (three seasons 
In some stales ami lout Itt others). 

Seveial workshops wete held Itt which training site analyst procedure* 
wete toimulated. Subsequently, lormH and instructions lot document at loti 
were developed b\ CSU and the Federation and published In the ptoject 
newsletter, Vhe Remote Sensor, 

Fhe I AN OS AT Mapping System (l-MSl was the sottwaie tt.sed b% »’Sl' lot 
l .AN OS AT data analysts and Is composed o! tout steps. Inch pertotms a 
specific task lit the production of the 1 Inal results. Vhe tasks Involve 
tit pt ept o. e tug ot l.ANPSAl data, (.’> analysis ot class accept at* i 1 1 1 \ , 
ill development ol class signatures, and (•«) tiual c lass 1 1 teat Ion and 
d t splay . 

Vhe compos l t lug objectives inquired the selection ot other non-L\NDSAT 
topic map-- sor'tal, economic and physical. Section decisions were 
leached through several project workshops and additional meetings ot in- 
terested agencies In each state, under the guidance ot the slate lead 
agencies. Compos It lug exercises wete developed to analv.e relevant le 
source planning problems in each test site area, as shown tu Figure 4.4. 

In this proc.-dute, the land use covet Informal ton t torn l-ANPSAl served 
vat loir- h as positive ot negative overlays oi as land use constraints in 
relation to the geological ot urban chat actei tst ten, etc., shown by the 
othei maps. Studies have been made In each state and tu each tedetal 
agency concerning land-use classl t leal ion systems tot various put poses. 

F\et\ state has several agencies concerned with this. Consol idat ion studies 
have been made In the Regional Planning Council ot the Federal ton ot Rocky 
Mountain States.' Rut the tr-et diversity persists, and the more appro 
priate agreement would be In a process lor interchanging area land-use 
st tulles and observing essential nesting del lull Ions (levels ot cl.tssi I leaf ion) 


1 FKMS land Use Cl.r-stf lest Ion Project. I 1 * 21. 

FRMS low.ird a Common System ot Flr-.t Ordet I and Use Classl t lea, ion. l‘>'l. 

FKMS low. ttd a Common System ot land Use Classl t l.c-it Ion. l‘*’2, 

FRMS Pat a \pp l tc.it ton-- In State land U-.e Planning. l‘»-’2. 
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plus establishing common geographic boundaries tor polygon gt Id and gi l»l 
to grid Homing. In on oh functional area -- agrloult.no, natural re- 
sources, oto. there will Inevltablv occur different claaslf teat ton* 
ot particular actlvltloa or oou.iit Iona or resources. Therefore, a "gen- 
oral purpose" system must bo approached from "o Ism enta ry indicators" 
which can bo mixed into more complex act 1 y 1 1 l oh and tunetton*. 

Remote sensing can generally ace onlv elementary Indicate! a ot cer- 
tain kinds. It Is equally taper taut to use low altitude photography, 
geological data, water data, Industrial and urban data and other kinds 
ol element ai v indicators. Those Indicators, when converted Into digital 
cells, are able to produce anv sort ot combinations tor functional or 
activity maps at low cost : to: example, "Forest Crating Area", "Open Pit 
and Strip Mining", "Parks and Kecreatlon Areas", ot any Index maps ot 
specific environmental impact. This project attempts both the efficient 
reading ot remote sensed data, and the efficient manipulation ot the 
other conventional elementatv data. 

To bring the states along rapt.llv within the project calendar, the 
most general c%»mposltlng it he compositing concept Is outlined In Figure 
s.x) relationship was used — nauelv, arithmetic compositing In which 
each topic map was factored by some relative weight and all were summed 
into t he composite map. In some states, these composites were further 
recomposited with relative weights (see Now Mexico and Colorado reports). 
This approach implied a known relationship ol the factors. The variety 
ol compositing prograins (CHAPS, RAP and KKCIS) was salutorv and offered 
the basis for elliclencv compai isions, some ol which are noted in the 
state reports. A uniform data entry svstem was established. 

•».s Related Activities 

A basic consideration throughout the project was to Involve and cem 
munlcate to as many people as possible In the region who rn.iv be potential 
users ot the type ot process demons t rated . 

As a result, a Project RrU'ltn^ Paj'er was given wide distribution In 
the West, Including copies sent to sixteen governors’ science advisors. 
The prefect newsletter. The Remote Sensor, was produced eight t imes and 
distributed to the Advisory Committee and project participants, as well 
as many olhet interested persona. Ceneral information was disseminated 
through live articles to several thousand public and private sector lead- 
eta in the region via the Federation Forum, a regional newsletter. The 
IV combo ! !*>•(, Newsletter ot the Rockv Mountain Science Council also 
reported on the project. 

A total of seven regional meetings Involving some 125 persons were 
held to project el torts. Another seven workshops were held In indivi- 
dual states involving some 7<> state and federal agency representative*. 
Presentations wore given bv various project participants at several 
other regional meetings and workshops and report dissemination and dis- 
cuss tons will continue. 
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